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1.0 GENERAL
1.1 Authorization

The subsurface exploration work for proposed flood control
and pipeleine project in Hartland, Maine, reported herein was
dated 20 April 1982. The authority for this project is derived
from Section 205 of the 1948 Flood Control Act as amended. The
contracting officer is Arthur N, Rappaport, Lt. Col.

1.2 Project Site

The site is located in the vicinity of the Sebasticook
River in Hartland, Maine,

1.3 Purpose of the Investigation

The subsurface information obtained from the exploration
program is required to determine the depth to bedrock and the
characteristics of the soil and bedrock in order to designh the
foundation and plan the construction of the proposed £flood
control wall, earth dike and 18 inch pipeline, including the
intake structure.

1.4 3Scope of the Investigation

The work performed under this work order consisted of the
following:

a. Performing a seismic survey along the proposed
pipeleine route in order to determine the depth of
bedrock. This work was performed by Weston
Geophysical, Inc. on 12 and 13 May 1982. Weston's
report is attached as Appendix C.

b. Drilling 6 test borings and performing 8 hand probes
and 13 soundings at the 1locations shown on the
Exploration Location Plans. Borings A, B and C were
advanced 15 feet into rock and Borings E and G were
advanced 10 feet into rock. No rock was encountered
in Boring D. The borings were drilled between 10 May
and 15 May 1982 by Briggs Engineering and Testing
Company, 1Inc, of Norwell, Massachusetts, Field
exploration logs are included in Appendix A. The hand
probes were performed on 11 and 14 May 1982.

C. Surveying the location of the seismic¢ lines and the
ground surface elevation of the borings, soundings and
hand probes. This work was performed by Briggs
Engineering and Testing Company, Inc. on 14 and 15 May
1982.
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2.0 SUBSURFACE CONDITIONS

2.1 Subsurface Materials

The following subsurface materials were encountered when
the borings where drilled at the site.

=W

Miscellaneous Fill consisting primarily of gravelly
sand was encountered in Borings A through E, but not

A A \
in Boring G, The f£ill was encountered at the ground

surface and extended to a maximum depth of 7 feet
below the existing grade.

Glacial Till was encountered in Borings C, D and E
only. The till which underlies the miscellaneous fill
and overlies the bedrock is a very dense, gray, silty
sand with cobbles and boulders. The till ranges in
thickness from 2.75 to at least 25 feet.

Phyllite The phyllite has closely spaced, poorly to
well developed vertical cleavage and widely spaced
high angle joints. It is fine-grained, hard, slightly
to moderately weathered and dark gray in color. 1In
Borings A and B, the first few feet of the phyllite
are severely weathered and very soft. Core recoveries
were generally over 80 percent,

Metasandstone was encountered in Boring C only. The
metasandstone had very ©poorly developed vertical
cleavage, widely spaced joints with an apparent dip
between 30 and 45 degrees, was very hard and
fine~grained. Core recovery was over 75 percent.

2.2 Groundwater

Groundwater was encountered in all borings. When possible,
the water level in each boring was measured in the morning prior
to commencing any drilling operations. The water levels are
summarized on the Subsurface Exploration Logs,

3.0 QUALITY CONTROL

3.1 Iest Borings
3.1.1 Eguipment

The equipment and type of tools used are described below.

a-

F

Core Drill: The core drill used was a modern
hydraulically driven rotory head unit manufactured by
Sprague and Henwood.
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Drive Hammer: The drive hammer used to advance both
the «casing and solid barrel samplers weighed
approximately 300 pounds.

Casing and Rods: HW (4 in.) and NW (3 in.,) flush
joint casing was used to keep the borehole in
overburden open, AW drill rods were used in washing
out the casing.

Samplers: The equipment used to obtain soil samples

] .
was the s0lid barrel sampler type with a ball check

head in sizes 2 1/2 and 2 inch ID by 5 ft., with
spring type retainers. The equipment used to obtain
rock samples was the swivel head double tube NX core
barrel by 5 ft., with a surface mounted diamond bit.

3.1.2 Records

NED Forms 58 and 58A, dated March 1971 and entitled
"Field Log of Test Boring™ and NED Form 130, dated December 1960
and entitled "Field Log of Test Boring in Rock" were used to
record pertinent drilling and sampling data. The logs include
the following:

3.1.3

Site location, boring location and number,

a.

b. Make and model of drilling equipment.

c. Type of drilling and sampling operation by depth.

d. Depths at which so0il samples or rock cores were
recovered, including top and bottom depth of each
run., Classification or description of the so0il and
rock samples obtained, Indication of penetration
resistance such as drive hammer blows given in blows
per penetration depth for driving sample spoons,

e. Length of sample of soil or rock recovered per
sampling run.

f. Depth at which groundwater is encountered.

Procedures

a. Boreholes were advanced by continuous sampling in

which either a 2 1/2 or a 2 inch ID x five foot
s0lid spoon sampler was advanced below the bottom
casing into undisturbed soil by the impact of a
hammer weighing approximately 300 pounds falling 18
inches, Refusal was defined as 100 blows for no
penetration or bouncing refusal.




b. The sample spoon shoes were kept reasonably sharp at
all times. Dull, bent, or otherwise damaged
samplers were hot used. Sampling was accomplished
to a depth of not more than five feet below the
bottom of the casing, after which the casing was
advanced to the previously sampled depth and cleaned
out using appropriately sized roller bits and side
discharging chopping bits.

c. Upon reaching the top of rock, the borehole was
§§yanced by coring with a swivel head double tube

NWX core barrel. Sampling runs did not exceed five
feet.

d. Samples were classified in the field immediately
following the taking of the sample. Classification
was in accordance with ASTM D-2487 and D-2488.
Representative samples were take from each soil
sampling run and placed in 16 oz. glass jars with
hermetically sealed lids. Jars were labeled with
sample number, sampling interval, boring number,
date, ‘location, penetration resistance and- soil
description. Rock cores obtained from each coring
run were placed in 5 foot wooden core boxes which
were labeled with the job location, boring number
and depth interval covered by the run. A chain of
custody log was maintained documenting custody of
the samples between the field and transportation and
delivery to the laboratory.

3.2 Hand Probes/Soundings
3.2.1 Eguipment

The equipment used to conduct the hand probes was 1 inch
out51de diameter steel rods with flush joint connections and an
8 pound sledge hammer, The soundings were performed off a 16

foot fiberglass boat with motor using a 100 foot fiberglass tape
with a 2 pound weight attached,

3.2.2 Records

Pertinent data for the hand probes and soundings are
recorded on the Exploration Location Plan, The data includes
date and location of the exploration, method of penetration,
depth of penetration, type of material encountered as determined
by sound and the performance of the probing operation, ground
surface elevation and depth to water,

3.2.3 Procedure

The hand pfobes were performed along line HP-1 only. The
probes were conducted by advancing the metal pipe into the soil
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using the weight of one man until penetration stopped. Then the
pipe was advanced by the impact of an eight pound sledge hammar
to refusal. Refusal is defined by the resistance to 6 inches or

less of penetration by 10 blows of the 8 pound sledge.

Soundings were ©performed along HP~2 and HP-3 by
establishing range lines on shore and using these range lines to

‘determine the location of each sounding. It was not possible to

take probings along these lines. The river current made it very
difficult to stabilize the boat long enough in one position to
take a probe. In addition, it would not be possible to pull the
rods out of the soil without capsizing the boat.

3.3 Survey
3.3.1 Eguipment

The surveying equipment used to locate the seismic lines
and establish the elevation of the test borings were a 100 foot
steel tape, a lo foot stadia rod and a levelling gun.

3.3.2 Procedures

The elevation o©of each boring was established by
differential 1levelling using the top of the concrete wall
located at the north end of the Great Moose Lake dam as the
datum., The elevation of the top of this wall is given as 249.4
feet NGVD, The chisel square located at the corner of Main and
Commercial could not be found. The seismic line was located by
taping the distance form various marked points along the seismic
line to exisitng physical features.

3.3.3 Results

The results of the field survey are provided in the field
survey notes which are included as Appendix B to this report.

4.0 OQUALITY CONTROL CERTIFICATION

I hereby certify that the above mentioned records, equipment
and procedures were used to perform the subsurface exploration
described herein, I also certify that the work was performed in
a professional manner and meets the requirements set forth in
the work order.

CERTIFIED 05 JULY 1982
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BRIGGS ENGINEERING CORPORATION
Chain of Custody Log
Project: Subsurface Investigation: Proposed Pipeline and Flood
Control Project

Hartland, Maine

Items: Tubes Neone

Bottles None

Jar Samples 26_

Core BoXes =)

Sampling Logs i = - ~82~
D~82- -82- D=82-

_as sappled ... . A/17/82.  ofoo _ _
5/17182 08> 5/)15/82 ‘&c&
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BRIGGS ENGINEERING CORPORATION
WEEKLY SAFETY MEETING
TO: Safety Office, NED
FROM: Field Engineer Date held 10 MAY 1982

THRU: Project Engineer Time_1400

Weekly safety meeting was held this date for the following personnel
Contract No._DAQH__ll_&l:D;Qﬂgi_ Personnel present:_R, Jones

Work Order No,__0003 W. Souza
Conducted By:_N,A. Lanney . J e g;gg;hg;

1. Subjects discussed (Note, delete, or add}:

x Individua)l Protective Equipment -
Prevention of Falls -

X Safe Lifting Techniques -
Emergency Communications -
Fire Prevention -
Sanitation, First Aid -

X Tripping Hazards - trash, hose, nails in lumber -
Staging, Ladders, Concrete Forms -
Hand Tools -
Portable Power Tools -
Woodworking Machinery -
Equipment Maintenance (Zero defects) -
Hoisting Equipment -
Ropes, Hooks, Chains and Slings -
Electrical Grounding, Temporary Wiring -
Lockouts for safe clearance procedures -
Electrical, pressure, moving parts -
Welding -
Excavations -~
Loose Rock and Steep Slopes -
Explosives -

X Water Safety -
Other -

Prepared by: Jf
Field Engineer |
2. Exposure:

Start of new work order. No previous exposure.

Signature: .
Project Enginee?

3. Forwarded: NED, Waltham, MA




BRIGGS ENGINEERING CORPORATION

WEERLY SAFETY MEETING

TO: Safety Office, NED
FROM: Field Engineer Date held_No meeting held
THRU: Project Engineer Time

Weekly safety meeting was held this date for the follow1nq personnel :

Contract No._DACW 33-81-D-0005 Personnel present:
Work Order No,__0003
Conducted By:

1. Subjects discussed (Note, delete, or add):

Individual Protective Equipment -
Prevention of Falls -

Safe Lifting Techniques -

Emergency Communjcations -

Fire Prevention -

Sanitation, First Aid -

Tripping Hazards - trash, hose, nails in lumber -
Staging, Ladders, Concrete Forms -

Hand Tools - y

Portable Power Tools -

Woodworking Machinery -

Equipment Maintenance (Zero defects) -
Hoisting Equipment -

Ropes, Hooks, Chains and Slings -
Electrical Grounding, Temporary Wiring -
Lockouts for safe clearance procedures -
Electrical, pressure, moving parts -
Welding -

Excavations -

Loose Rock and Steep Slopes -

Explosives -

Water Safety -

Other -

Prepared by: ‘\LQX«BQANO. é{zmxpwwwﬁ

Field Engineer

2. Exposure:

For the period 10 through 15 May 1982, covering 210 man hours.

Signature: :
Project Engineer

3. Forwarded: NED, Waltham, MA !
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NOTES: 1) TOP OF STANDING WATER @ ELEV.245.36

ON B-14 -82. PROBES TAKEN 5-14-82.
. 2.) SOFT MATERIALS ENCOUNTERED WERE

PEAT AND SILTS. REFUSAL @ SANDY
MATERIAL. PROBES ADVANCED 2 FEET w/
WEIGHT OF 70 LBS. AND 6 W/ 1 TO 2
BLOWS W/ 8 LB SLEDGE THEREAFTER TO
REFUSAL AT + 10 BLOWS.

DEPTH TO
STATION WATER DEPTH REFUSAL
A Ou 70' 'R 3
B |2l Bo'll »
C 12" 56" *
D 8" q7" *
E 2" 24" *
F 3" 24" *
G ou . 20-0 ® &
H o" 22" **

L

DEPTH TO REFUSAL MEASURED FROM ELEV.

245.36, THE LEVEL OF WATER IN THE SWAMP
AS RECORDED ON 5-i4-82.

*e DEPTH TO REFUSAL MEASURED FROM ELEV. "45.72

EXPLORATION LOCATION PLAN

BRIGGS ENGINEERING 8 TESTING CO.
NORWELL , MASS.

DR.BY: J.C.C. SCALE: "4 30' ]PROJ. NO.: i3i0i
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Field Exploration Logs
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In accordance with your letter of authorization dated
May 3, 1982, we are pleased to submit our findings of the
seismic survey conducted at Hartland, Maine.

This is a formal presentation of our findings.
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for vincent J. Murphy
ER:VJM:eag

Enclosure

Post Office Box 550 « Westboro, Massachusetis 01581 « (617) 366-9191
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INTRODUCTION AND PURPOSE

In accordance with your letter of authorization dated
May 3, 1982 a seismic survey was conducted in Hartland, Maine.
This study was conducted on May 4 and 5, 1982. The purpose of
this investigation was to determine the rock surface for a

proposed pipeline near the Sebasticook River in Hartland, Maine.

()}

All fieldwork was coordinated through Mr. Nicholas Lanney
of Briggs Engineering & Testing Co.

LOCATION AND SURVEY CONTROL

The seismic refraction survey was performed near the
Sebasticook River in Hartland, Maine. The site area is shown
on the enclosed segment {Figure 1) of the Pittsfield, Maine
United States Geological Survey Quadrangle Map. The specific
lines of coverage are shown on a plan (Fiqure 2) provided by
Briggs Engineering. A total of 1880 linear feet of refraction
profiling was accomplished. Survey control was also provided
by Briggs Engineering.

METHOD OF INVESTIGATION

The field program consisted of continuous land refraction
profiling utilizing geometrics model ES1210 multi-channel
signal enhancement seismograph. A 150 pound weight was used
with drop points every 100 feet. Geophones were positioned at
10- and 20-~foot intervals and spread lengths were 200 feet. A
discussion of the seismic refraction profiling technique is
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PRESENTATION OF RESULTS

Results of this seismic survey are presented on the

enclosed seismic profile sheet, Figure 3. Seismic velocity




values‘for the various strata and the elevations of the
velocity interfaces are indicated. The elevations of the
velocity interfaces are referenced to ground surface elevations
pProvided by Briggs Engineering.

A discussion of general material identification based on
seismic velocities is included as Appendix B to this report.

DISCUSSION OF RESULTS

The seismic refraction profiles indicate that bedrock is
generally 15 to 20 feet deep along Line 8-1. 1In the vicinity
of stations 5+50 to 8+50 bedrock is approximaterly 8 feet below
ground surface. The seismic data between Stations 10+50 and
12+50 was re-evaluated in lite of borings conducted by the
state of Maine. Boring AC25-77 indicates bedrock at
Elevation 235 which is in the vicinity of Station 10+50,

Line S-1. A cross line conducted at Station 11+50, which was
high quality data, indicates the bedrock at Elevation 215. Due
to the steep sloping rock surface the boring drilled near the
bridge abutment was used for depth control.

It should be noted that the area of this survey is a locale
where the depth to rock appears to vary considerably in short
distances. For example the northerly end of seismic Line S-2
and the easterly end of Line S-1 demonstrate this variation in

the rock surface.




R - an .

Adverse ground surface conditions precluded data collection
between Stations 12+50 and 13+30 of Line S-1. A cross line
operated at station 13+30 of the center-line indicates bedrock
at 5 to 10 feet below ground surface. Although the guality of
the seismic data for Line S-2 was adversely affected by debris
and fill material, an area of shallow bedrock (2 to 3 feet) is
detected in the vicinity of station 4+0. The groundwater table

is generally shallow for all areas investigated.

Weston Geophysical
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APPENDIX A

SEISMIC REFRACTION SURVEY
METHOD OF INVESTIGATION

General Considerations

The s

D

aiemice rafractinn 1r
e nt AL e W = N A A b AW ES (=

ol
<y

ayv matrhnAd
Sy Mewiiva

is a means
determining the depths to a refracting horizon and the
thickness of major seismic discontinuities overlying the
high-velocity refracting horizon. The seismic velocities
measured by this technique are used for generalized material
identification and stratigraphic correlation.

Interpretations are based on the measurement of the time
required for elastic waves, generated at a point source, to
travel to a series of vibration sensitive devices (geophones)

spaced at known intervals on the ground surface (Diagram A).

Field Procedure for Data Acquisition

The seismic refraction eguipment consists of an EG&G
Geometrics Model ES-1210 multichannel signal enhancement
sesimograph.

Continuous profiling is accomplished by having the end shot
point of one spread coincident with the end or intermediate
position shot point of the succeeding spread. The spread
length used in a refraction survey is determined by the
required depth of penetration to the refracting horizon. It is
generally possible to obtain adequate penetration when the

depth to the refracting horizon is approximately one guarter of

Weston Geophysical
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the spread lengtﬁ. The spread length used in this study was
200 feet with the corresponding geophone intervals indicated on
Diagram B.

Shots are usually located at each end and at the center of

the seismic spread (Diagram B). The configuration of the

~geophone array and the shot point positions are dependent upon’

the objectives of the seismic investigation.

Seismic energy is generated by a 150 pound weight drop
against a plate from a height of 7 feet. The plate is embedded
into the ground to insure good ground coupling.

The geophone is in direct contact with the earth and
converts the earth motion resulting from the weight drop energy
into electric signals
for seismic refraction profiling. This type of detector
consists of a magnet permanently attached to a spiked base
which can be rigidly fixed to the earth's surface. Suspended
within the magnet is a coil wrapped mass. Relative motion
between the two produces an electric current, with a voltage
proportional to the velocity of the motion.

The electric current flows from the geophones th;ough a
series of cables to the recording device generating a
seismogram. The portable 1l2-trace seismograph system produces
simultaneous monitoring of each of the 12 geophones. The
operator can amplify and filter the seismic signals to

minimized background interference. The system provides an

Weston Geophysical
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electrostatic record of the 12 traces of each shot. A
recording is obtained for each of the shot locations indicated
on Diagram B, Page A4. Timing lines are indicated on the
records at two millisecond intervals providing reading accuracy
to one millisecond. This system contains a firing circuit
which initiates data recording when the plate is struck‘by the.
150 pound weight. The arrival times between the shot and each
geophone are measured in reference to this time break. This
seismograph unit has a stacking capability which permits
systematic addition of signals with repeated weight drops at
the same location.

Interpretation Theory

The elastic wave measured in the seismic refraction method,
the "P" or compressional wave, is the first arrival of energy
from the source at the detector. This energy wave travels from

the energy source in a path causing adjacent solid particles to

oscillate in the direction of wave propagation

YRwas L OLT ARF Ear e Mk W W Wi S s YAV W - rilE

Diagram 2
shows a hypothetical subsurface consisting of a lower velocity
material above a higher velocity material. At smaller
distances between source and detector the first arrival waves
will be direct waves that travel near the ground surface
through the lower velocity material. At greater distance, the
first arrival at the detector will be a refracted wave that has

taken an indirect path through the two velocity layers. The

refracted wave will arrive before the direct wave at a greater

Weston Geophysical
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Linehan, Daniel, Seismology Applied to Shallow Zone Research,
Symposium on Surface and Subsurface Reconnaissance, Special
Technical Publication No. 122, American Society for Testing Mat-

erials, 1951,
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distance along the spread because the time gained in travel
through the bhigher-speed material compensates for the 1on§er
path. Depth computations are based on the ratio of the layer
velocities and the horizontal distance from the energy source
to the point at which the refracted wave overtakes the direct

wave.
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APPENDIX B

GENERAL MATERIAL IDENTIFICATION
BASED ON SEISMIC VEIOCITIES

Material Identification

Using seismic data alone, materials can be placed into
broad classifications based on the velocity of the seismic wave
transmitted through them. Most bedrock as well as overburden
types fall within the restricted velocity ranges given below,
however, velocity values do not have unigue material
correlations.

Overburden

The velocity range of a few hundred to less than
1,000 ft/sec. (fps) is indicative of very loose and unsaturated
silts, humus, and loose fill materials.

The velocity range of 1,000 to 2,500 fps is indicative of
unconsolidated, and unsaturated materials; commonly measured in
glacial fluvial deposits. .

The velocity range of 2,400 to 3,000 fps is indicative of
an unsaturated material, possibly a ground moraine-type of
glacial till. The range of 3,000 to 4,500 fps is usually
indicative of a more compact and unsaturated type of glacial
till; it is commonly measured in colluvial deposits and
partially saturated varved silts.

Seismic velocity values of 4,800 to 5,300 fps are

indicative of water-saturated fluvial deposits. This velocity
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range is charactefistic of materials which have been developed
successfully as municipal groundwater supplies. Varved clay
has a characteristic velocity of 5,000 fps whether above or
below the water table.

The velocity range of 5,400 to 6,000 fps is characteristic
of a saturated till.

The range of 6,500 to 8,500 fps is characteristic of very
dense glacial till; drumlin tills are in this velocity range.
Bedrock

Depending upon the degree of weathering, bedrock can have
seismic velocity values spanning virtually the entire range of
values for overburden; at the lower end of this range, however,
the bedrock will have the physical characteristics of
overburden.

Seismic velocities in the range of 8,000 to 10,000 fps are

commonly indicative of slightly to moderately weathered bedrock

which may require at least localized drilling and blasting for

Did Ll eaid
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excavation.
Velocities above 10,000 fps are indicative of bedrock which
is generally sound and unweathered, and which will require

systematic drilling and blasting for excavation.
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In ancient times

Greek and Hindu philosophers

believed that there were

four elements in the material universe FIRE
— EARTH, AIR, FIRE and WATER.
Over the years

man’s knowledge has expanded

and the world of materiais

is now known to be extremely complex.
The unravelling of these complexities
is the continuing goal of

Briggs Engineering & Testing Company.
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